The behavior in flexural fatigue tests of concrete containing metal fibers has not been extensively studied. Therefore, this 
Introduction and background
Pavements are structures subjected to cyclic loading imposed by traffic and combined weather effects (Huang Yang, 2004; LCPC, 1997; Packard, 1984; Papagiannakis and Masad, 2008; Reyes, 2003) . In concrete pavements, the concrete slab absorbs most of these stresses (Huang Yang, 2004; Packard, 1984) which are mainly compressive and flexural stresses (Huang Yang, 2004; Papagiannakis and Masad, 2008) , where the latter is most critical for concrete, since the concrete flexural strength in concrete is lower than the compressive strength (Bentur and Sidney, 2007; Z. Li, 2011; Mehta and Monteiro, 2006) . This concrete weakness is compensated by the steel reinforcement, which is incorporated to the concrete through corrugated steel bars (reinforced concrete) or metal fibers (fiber reinforced concrete) (Mehta and Monteiro, 2006) .
The latter are frequently used with the additional purpose of increasing the fatigue strength (ACI Committee 544, 2009; Bentur and Sidney, 2007; Meda and Plizzari, 2004) . Furthermore, they are easy to install and guarantee their dispersion throughout the whole concrete mass (Bentur and Sidney, 2007) , something that corrugated steel bars cannot achieve. The repeated action of flexural stress generates a progressive loss of the structural properties of concrete, a process known as material fatigue (Lee and Barr, 2004; Vassilopoulos, 2010) . The mechanistic methods of pavement design use material fatigue laws to determine the capacity of pavement to resist stresses, deformations and deflections imposed by traffic volumes and the weather (Papagiannakis and Masad, 2008) . Traditionally, concrete pavement designs use fatigue models such as the PCA model (Portland Cement Association) (Packard, 1984) , the MEPDG (Mechanistic Empirical Pavement Design Guide) 
of the AASHTO (American Association of State Highway and Transportation
Officials) (MEPDG, 2007) , the mechanistic calibrated model (US Army Corps of Engineers) (Huang Yang, 2004) , the French rational method (LCPC, 1997) and the zero maintenance model (Federal Highway Administration) (Huang Yang, 2004 (Hsu, 1981) . While the study of the fatigue performance of concrete in flexural tests started together with the development of the US highway system at the beginning of 1920 (Hsu, 1981; Shi, Fwa and Tan, 1993) .
Concrete fatigue originates a kind of deterioration in concrete pavements that is evidenced by breaking of the concrete slab, thus generating a water inlet source and the subsequent erosion of the slab supporting material, which leads to the total destruction of the pavement structure (Huang Yang, 2004; Papagiannakis and Masad, 2008) .
The concrete's fatigue performance is a relevant parameter in the design of concrete pavements for highways, airports and industrial facilities; therefore, it should be controlled, together with the erosion of the slab supporting materials (Huang Yang, 2004; Packard, 1984; Papagiannakis and Masad, 2008; Shi et al., 1993) . The erosion of the supporting material is limited by using water-resistant materials, such as asphalt mixes or poor hydraulic concrete, which increase the stiffness of the concrete slab in order to reduce deflections transmitted to the support, and by using load transfer devices in the discontinuities of the slab (Huang Yang, 2004; Packard, 1984; Papagiannakis and Masad, 2008) . In order to control the fatigue process of concrete, it is necessary to know the properties governing the performance of this phenomenon.
The fatigue performance is normally studied in terms of the stress applied, expressed as a percentage of the modulus of rupture (known as stress ratio) against the number of loading cycles applied to the failure (Johnston and Zemp, 1991; Shi et al., 1993 (Huang and Zhao, 1995; Lee and Barr, 2004; Shi et al., 1993) .
In general, parameters like loading conditions, loading frequency, stress level, number of cycles, composition of the matrix and the stress ratio will have an impact on the fatigue performance of the concrete specimen; however, there is no qualitative and quantitative consensus regarding how these parameters impact the fatigue performance of concrete (Lee and Barr, 2004) .
Fatigue testing of concrete uses important resources of time and money. Therefore, the design of concrete pavements is commonly based on curves from road organizations, such as those developed by the PCA (Packard, 1984) , the MEPDG of AASHTO (MEPDG, 2007) , the mechanistic calibrated model (US Army Corps of Engineers) (Huang Yang, 2004) , the French rational method (LCPC, 1997) and the FHWA zero maintenance model (Huang Yang, 2004 (Goel et al., 2012; Johnston and Zemp, 1991; Oh, 1991; Shi et al., 1993) . These results will be the basis to compare the parameters obtained in this study. 
Statistical analysis of results
Fatigue results were processed with the Weibull probability distribution, considering the indications of Gumble (quoted by Singh and Kaushik, 2000) , who mentioned that the hazard function of the lognormal distribution decreases as time or life increases.
In order to obtain the Weibull probability distribution function, it is necessary to find the shape parameters of function (α) and the scale parameter (µ), based on Equations 2 and 3.
Where, COV is the coefficient of variation of the number of cycles to failure under a specific load.
In equation 3, µ is the average of the number of cycles to failure under load; Gamma is the statistical function, and α was previously defined.
Equation 4 was adopted to include the failure probability (P f ) in the calculation of the number of cycles to failure under load, according to the model proposed by Singh and Kaushik (2000) :
Where n is the number of cycles to failure under a load applied for failure probability. For each curve, the rupture stress for one million loading cycles (σ 6 ) and the slope of the fatigue law b were calculated.
Results and discussion
The results of the execution of each of the activities defined in the work methodology are described below.
Physical and chemical characterization of the materials
and mix design Table 5 shows the results of the gravel tests. Figure 1 shows the obtained grading. Table 6 shows the results of the sand tests and Figure  2 indicates the obtained grading. ENGLISH VERSION................................................................................................................................................................................................................................................ 
Statistical analysis of the results
The parameters of the Weibull distribution α, µ and the prediction of the number of cycles with a 50%, 80% and 90% of failure probability for each rupture stress (n), is shown in Table 12 .
Using this information, fatigue curves were graphed for each mixture using different failure probabilities. These curves are shown in Figures 8, 9 , and 10, along with the bestfitted regression Equation. . Jun and Stang (1998) (ACI Committee 544, 2009; Bentur and Sidney, 2007; Goel et al., 2012; Grzybowski and Meyer, 1993; Huang and Zhao, 1995; Jun and Stang, 1998; Lee and Barr, 2004; Naaman and Hammoud, 1998; Singh and Kaushik, 2000; Singh et al., 2005) . Johnston and Zemp (1991) , Huang and Zhao (1995) , Jun and Stang (1998) , Naaman and Hammoud (1998) , Singh et al. (2005) and Goel et al. (2012) . Table 18 shows the results taken from the references (Goel et al., 2012; Johnston and Zemp, 1991; Oh, 1991; Shi et al., 1993 (Goel et al., 2012; Singh and Kaushik, 2003) . It is evidenced that the value of σ 6 found experimentally in this research is higher than the values reported by Singh and Kaushik (2003) and Goel et al. (2012) . However the σ 6 /MR ratios are similar.
For 1% steel fiber contents, Table 20 shows data taken from the references (Goel et al., 2012; Huang and Zhao, 1995; Johnston and Zemp, 1991; Jun and Stang, 1998; Singh and Kaushik, 2003; Singh et al., 2005) , which show that the orders of magnitudes of the σ 6 /MR ratios are similar. 
